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(54) Integrated circuit assembly having output pads with programmable characteristics and 
method of operation 



(57) An apparatus and method of calibrating a circu it 
assembly (1 0) having an !C (14) with an output pad (20) 
having a number of drivers (32. 34,36,38) connected to 
the pad. The method includes electrically connecting the 
pad Iq an output line (132) of an external rircuft, then 
operating the IC and measuring an electrical character- 
istic of the output line. Based on the electrical charac- 



teristic of the output line, an electrical component (134) 
is connected to the output line, and based on the elec- 
trical characteristics of the output line with the electrical 
component connected, the. drivers are set to a selected 
state, which includes including enabling at least a se- 
lected one of the output pad drivers, so that the output 
pad is driven adequately to compensate for the electrical 
component on the output line. 
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0 ascription 

Field of the invention 

[0001] This Invention relates to methods and appara- 
tus for driving an integrated circuit (IC) output pad. and 
more particularly to compensation tor application- spe- 
cific electromagnetic interference (EMI) reduction cir- 
cuitry. 

Background and Summary of the Invention 

[0002] Electronic integrated circuits are provided with 
Output pads to which external electronic circuitry is elec- 
trically connected. Output pads may provide a logic sig- 
nal or "1 "or "0°, or an elevated or zero voltage to indicate 
a Joglc siate. To overcome the impedance of trie external 
circuitry, each pad is provided with a driver, typically in 
the form of a pair of FET transistors connected In series, 
.wtth the junction between the two connected to the out- 
put pad, and the remote connections of the pair connect- 
ed to a power line and to ground, respectively. 
[0003] ICs are typically installed on a printed circuit 
assembly (PCA) with other components, and other cir- 
cuit assemblies or devices may be connected to the 
PCA. The output pad may bo required to drive a load 
remote from the IC, after transmission via metal traces 
on the PCA or via other conductors. The interactions of 
rapidly switching signals on these traces may generate 
an unwanted EMI problem. While rapid switching may 
be deshabia tor high speed circull operation, this in- 
creases EMI noise. Therefore, circuits are evaluated 
and provided with EMI filtration components where EMI 
exceeds allowable levels. However, trie addition of 
: these components on the lines driven by an output pad 
changes the impedance o1 the line, which changes the 
requirements on the driver on the IC. For certain appli- 
cations, an IC may be custom designed to have driver 
capabilities at each output pad precisely matched to the 
intended application and PCA on which it* Is to be in- 
Stalled This would provide driving capabilities that are 
adequate to overcome external Impedance, yet below a 
level that generates excessive EMI. 
[0004] However, It is impractical or cost ineffective to 
design an I C twice: once to prototype the system for EMI 
analysis, and a second time wtth adequate drive capa- 
bilities to accornmooate EMI reduction measures. Even 
when computer simulations of circuit performance are 
adequate to predict EMI measures and design adequate 
drivers in a single iteration, a separate chip design is 
required for each product or circuit assembly on which 
the chip is to be used. 

[000 S] Existing ICs have output pads with two drivers 
per pad, so that a driver may be disabled during opera- 
tional periods when switching nofee within the IC is ex- 
cessive. Such a system is disclosed in US Patent No. 
5,0^,878 to Anderson, the disclosure of which is incor- 
porated he rein by reference; However, such systems do 



not accommodate the impedance variations generated 
by off -chip components and simply respond to exces- 
sive noise on a ground tine. 

[0006] The present invention overcomes the limita- 
s tions of the prior art by providing an apparatus and meth- 
od of calibrating a circuit assembly having an IC with an 
output pad having a number of drivers connected to the 
pad. The method includes electrically connecting the 
pad to an output line of an external circuit, then operating 
10 the IC and measuring an electrical characteristic ol the 
output line. Based on the electrical characteristic of the 
output line, an electrical component is connected to the 
output line, and based on the electrical characteristics 
of the output line with the electrical component connect- 
7£ ed, the drivers are set to a selected state, which includes 
including enabling at least a selected one of the output 
pad drivers, so that the output pad is driven adequately 
to compensate for the electrical component on the out- 
put line. 

20 

Brief . Description of the Drawings 

p)007] Fig. 1 is a schematic block diagram of a circuit 
according to a preferred embodiment of the invention. 

2S 

Detailed Description of a Prefaced Embodiment 

[0006] Figure 1 shows a primed circuit assembly 10 
on which is mounted a chip carrier 12 carrying an inte- 
90 grated circuit (IC) chip 14. The chip includes a micro- 
processor controller 16 that is interconnected to control 
all chip functions. An output pad 20 represents one of 
numerous output pads for expressing a digital signal 
from the chip. 

3* . [000d] A pad driver circuit 22 has an output line 24 
connected to the pad, a voltage line 26 connected to a 
voltage source Vdd, and a ground Kne 30 connected to 
ground. The driver circuit shown has four pad driver 
transistor pairs 32, 94, 36, 38. Each pair includes a 

*> channel FET and an n-channel FET connected with the 
p-FET source connected to the n^FET drain, wtth the 
drain of the p-channel FET connected to Vdd line 26 and 
the source of the n-channel FET connected to ground 
30. Pair 32 includes p-FET *Q and n-FET 42.' FET 40 
has a first line 44 connected to Vdd line 26, a second 
line 46 connected to the output tine 24, and a gate 52. 
FET 42 has a first line 54 connected to the output line 
24 and to the second line 46 of FET 40, a second line 56 
connected to the ground line' 30, and a gate 60. . 

&o (0010] FET pairs 34 includes a p-FET 64 and an n- 
FET 66, pair36 includes FETa 70 and 72, and pair 38 
Includes FETs 74 and 76. The p-FETs 40, 64, 70, and 
74 are all connected to Vdd line 26. and n-F£Ts 42, 65, 
72, and 76 are connected top ground line 30.. The p- 

ss FETs 40, 64, 70. and 74 have respective gale lines S2, 
80, 82, 84, and n-FETs 42. 66, 72, and 76 have respec- 
tive gate lines 60, 86, 90 „ 92, . . . . 
[0011] Each of the -gale Iines52; BO^ 82, 84 of the 
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FETs is connected respectively to the output line of a 
NAND gate 100, 102, 104, 106. Each of the gate fines 
60; 88, 90, 92 of the r>FETs is connected respectively 
tothe output line of a NOR gate 1 1 0, 1 1 2, 1 1 4, 1 1 6. Each 
of the NAND and NOR gates has three inputs: a first 
data input connected to a DATA line on microprocessor 
1 6, a second enable line connected to an output enable 
(OE) on the microprocessor, and a control ikie. An in- 
verter 120 on the OE line between the processor and 
the NOR gates provides an inverted OE signal, while 
the NAND gates directly receive the original OE signal. 
[001 21 A separate control line is connected to each of 
the NAND gates, and each line is shared with a respec- 
tive NOR gate. As the enable line inverter prevents p- 
FETs and n-FETs from operating simultaneously, control 
line sharing allows sinpliftcation of the interface with the 
microprocessor. The processor 16 includes three con- 
trol line outputs i, 2, and 3, which is one less than the 
number of FET pairs. Control line 1 connects to NAND 
gate 102 and NOR gale 112, control line 2 connects to 
NAND gate 104 'and NOR gate 114, control line a con- 
nects to NAND gate 106 and NOR gate 116. Gates 100 
and 110 are wired with their control inputs directly con- 
nected to the data line so that they receive a high control 
bit when the data line Is high. This ensures that these 
gates will always be on, while the others may be selec- 
tively utilized based on the processor's control bit out- 
put. 

[0013J The NAND gates conventionally operate to 
provide a low or *0* output when all three "nputsare high 
(causing an associated p-FET to conduct, and pulling 
the output tine up to Vdd), and provide a high or '1 1 out- 
put when one or more of the inputs are low (preventing 
p-FET conduction). The NOR gales conventionally op- 
erate to provide a low or *0* output when one or more 
inputs are high (preventing an associated n-FET from 
conducting), and a high or '1 ■ output when al) inputs are 
low (pulling the output line down to ground.) Thus, when 
the enable line OE is high and the data line switches 
high (as when a "leading edge' of a digital signal occurs) 
any control Ones at high (including the data-following 
control line of gate 100) will cause their associated 
NAND gate to send a "0", causing some p-FETs to con- 
duct. Meanwhile, the iiverier 1 20 on the enable line will 
pass a tow "0" signal to the enable lines of each of the 
NOR gates, which are effectively enabled by a "0" and 
disabled by a "1 Thus, a single enable bit will affect the 
entire circuit simultaneously. 

[001 4] On the data line, a *1" effectively enables or 
operates the NAND gates and disables the NOR gates, 
while a functions conversely. Consequent^ the data 
line circuit logic prevents enablement of any p-FETs 
when any n-FET is enabled, and vice versa, avoiding 
an intolerable connection between Vdd and ground 
within the chip. 

1001 5] On each of the control lines to the NOR gates, 
an inverter122 takes a high control bit and Inverts it to 
the low level needed to activate the gate, and conversely 
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disables the selected gate whan the microprocessor 
outputs a low control bit. 

[001 6] In the preferred embodiment the FET transis- 
tors are sized in incremental multiples of two, providing 
s a wide range of selectable aggregate effective sizes. 
The first p-FET 40 is the smallest size x, with p-FET 64 
at 2x, p-FET 70 at 4x, p-FET 74 at 8x. Thus, with tour 
transistors, the eff ective ske of the transistor may range 
between 1* and 15x, in quantum increments of ix, de- 
10 pending on which permutation of transistors is selected. 
In the preferred embodiment with FET 40 permanently 
wired to be on when enabled and data high, the possible 
aggregate sizes are 1* 3x, 5x...15x. Where finer incre- 
ments are desired, the first transistor may be wired with 
J* a swilchable control bit The n-FETs are similarly sized, 
althou^i the number of n-FETs may differ from the 
number of p-FETs, as may the progression of sizes. 
[0017] As long as aJJ FET outputs connect to the out- 
put pad, the FETs need not be arranged physically or 
so conceptually in pairs, except that at least one of each 
type must be provided for basic pull up and pull down 
functions. 

[0018] The chip 12 is supported by a the chip carrier 
' 1 4, and a tab or wire bond 1 24 connects the output pad 
& 20 to a land 1 26 on the carrier. A mullituds of other wire 
bonds connect other pads to other lands. The lands of 
the chip carrier are electrically connected to conductive 
terminals 1 30 on the printed circuit assembly 1 0 by con - 
ventianal soldered connections. A conductive trace 1 32 
30 extends ta a filter component 1 34 near the PCA periph- 
ery, where a connector module 1 36 is connected to the 
trace, and to an external component or instrument 140 
via a cable 142. Thefilteristypleallya resistor, a resistor/ 
capacitor, or a f errite bead. 
3* [001 9] The selectable controls on the effective size of 
the pad drivers is used to optimize the driver strength 
for a specific application of the chip. In each application, 
the driver controls are adjusted to compensate for im- 
pedances that occur outside the chip, primarily on the 
40 PCA. On the PCA, an adjacent trace 1 44 near trace 1 32 
may exhibit capaeitrve and inductive coupung with trace 
132, generating unwanted EMJ noise on either line in 
response to switching on the other. Eithertrace may also 
be subject to stray capacitances. Accordingly, after a 
46 prototype system is assembled, these EMI problems 
may be detected and identified. To cure the EMf prob- 
lems, an appropriate filter 134 la connected to the trace 
132 near the connector, to reduce EMI on the signal ex- 
pressed at the connector to the external device 140. 
60 Typically, such filters slow the switching speed of the 
pad drivers, and additional transistor size !e required tb 
compensate. However, a large transistor size adequate 
for a heavily filtered trace will generate excessive noise 
on lines or in other applications of the same chip where 
55 filterrig was not required. Therefore, the combination of 
transistors may be selected to provide adequate switch- 
ing speed. Inthedesign process, filtering and driver con- 
trol codes may be iterated to optimize the settings. 
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[0020] Normally, after the driver control settings are 
established for each pad, they reman constant through- 
out use, avoiding the need for sensors, and reducing the 
demand on the microprocessor during operation. How- 
ever, where these are not a concern, the system may 
include notee sensors on the chip or on the PCA circuitry 
to provide leedback to the microprocessor to enable it 
to adjust drive levels during normal operation. 
[0021] To further reduce noise concerns, the micro- 
processor may trigger the control gates with pulses that 
are not simultaneous, but which may provide a stair step 
turn on of the FETs, or which may be slightly rand- 
omized. The control bits may be manipulated by en al- 
gorithm of the user's choice. 

[0022] While the above is discussed "m terms of pre- 
ferred and alternative embodiments, the invention is not 
intended to be so limited. 



Claims 

1. A method of operating a circuit comprising the 
steps: 

providing output pad (20) with at least a first 
driver and a second driver connected to the 
pad; 

determining the output requirements of the pad; 
based on the determined output requirements, 
enabling a selected set of the drivers (32, 
34.36,38) to drive the pad; and 
operating the circuit while maintaining the driv- 
ers in the selected state of enablement such 
that the operating characteristics remain un- 
' changed during operation. 

2. A method according to claim 1 wherein determining 
the output requirements includes measuring EMI on 
a circuit portion (132) connected to the pad. and 
connecting an £MI control component (134) to the. 
circuit portion. 

3. A method according to claim 1 or claim 2 wherein 
connecting an EMI control component includes 
changing the impedance of the circuit portion. 



(20), and including setting the drivers of at least 
some of the pads to a different state than the drivers 
of others of the pads, such that different pads are 
driven differently. 

5 

7. An electronic circuit comprising: 

an IC (14) having an output pad (20); 
. a plurality of drivers (32, 34.36.3B) on the IC 
10 connected to the output pad; 

a controller (1 6) on the IC connected to each of 

the drivers and operable to switch each pf the 

drivers independently between an enabled 

state and a disabled state; 
7$ an external circuit having an output line <132) 

electrically connected to the pad; 

an EMI control component (134) connected to 

the output line; 

the controller including selection means for set- 
so ting ihe drivers in a selected state, based on 
the impedance of the output line with the EMI 
control component connected. 

8. A circuit according to claim 7 wherein the controller 
25 (16) le a microprocessor • 

9. A circuit according to claim 7 or claim 3 wherein the 
controller includes means for maintaining the driv- 
ers in the selected state during Operation of the.cir- 

30 cult, such that the drivers may be calibrated and set 
to a permanent setting. 

10. Acircuitaccordingtoanyone of daims 7 to 9 where- 
in the EMI control component (134) is a filter. , 

35 



40 



AS 



4. A method, according to any one of -claims 1 to 3 
wherein the output pad has at least three drivers, 
such that multiple permutations of the drivers may 
be selected. 

5. A method according to any one of claims 1 to 4 
wherein setting the drivers includes setting at least 
one of the drivers in a disabled state, and at least 
one of the drivers in an enabled state. 

6. A method according to any one of claims 1 to 5 
wherein the IC Includes a plurality of output pads 
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(54) Integrated circuit assembly having output pads with programmable characteristics and 
method of operation 



(57) An apparatus and method of calibrating a circuit 
assembly (1 0) having an IC (14) with an output pad (20) 
having a number of drivers (32, 34,36,38) connected to 
the pad. The method includes electrically connectingihs 
pad to an output line (132) of an external circuit, Ihen 
operating the IC and measuring an electrical character- 
istic of the output fine. Based on the electrical charac- 



teristic of the output line, an electrical component (134) 
is connected to the output line, and based on the elec- 
trical characteristics of the output line with the electrical 
component connected, the drivers are set to a selected 
state, which includes including enabling at least a se- 
lected one of the output pad drivers, so that the output 
pad is driven adequately to compensate for the electrical 
component on the output line. 
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